We present results from a spectral line survey of the young stellar object IRAS 17470-2853, undertaken to examine chemical changes during the evolution from hot molecular cores to ultracompact HII regions. Observations were carried out with the Mopra 22 m radio telescope in the frequency range from 86.1 to 92.1 GHz. A total of 21 lines from 9 molecules were detected. Except for CH 3 CN they are all simple molecules. We compare the results to the ultracompact HII region G34.3+0.15, where spectral line surveys in the frequency range 80-115 GHz and 330-360 GHz have been performed. While the molecular lines detected are similar, their widths and intensities are somewhat narrower and lower, respectively, in IRAS 17470-2853. The typical line width of ∼5 km s −1 indicates relatively quiet or quasi-thermal emission. On the other hand, a significant difference in T * A (HNC)/T * A (HCN) has been found: 0.8 for IRAS 17470-2853 compared to 2.6 for G34.3+0.15. The broad line width of SiO (v = 0, J = 2-1), ∼9 km s −1 , suggests that IRAS 17470-2853 is experiencing a shock generated by the embedded object. Column densities, or lower limits to them, are derived for observed molecules.
Introduction
Understanding the relation between the stage that star formation has reached and the chemical state of a molecular cloud has long been of interest, since young stellar objects (YSOs) drive the chemical evolution of molecular clouds, especially adjacent to a hot core. A hot core is characterised by small volume, high density, and warm temperature (typically R ∼ 0.01-0.1 pc, n ∼ 10 6 -10 8 cm −3 , T ∼ 100-300 K: Henkel et al. 1987; Walmsley et al. 1987) , and is associated with an embedded protostar. Hot cores are also distinguished from cold cores through their high abundance of saturated molecules such as CH 3 OH, NH 3 , CH 3 CN, CH 3 CH 2 OH, and H 2 CS. The high abundance of such complex molecules cannot be explained solely by pure gas phase reactions in the cloud, but requires grain surface chemistry. Even though the details of how the chemistry works remain controversial, the models (e.g., Millar, Herbst, & Charnley 1991; Charnley et al. 1995) produce reasonably close agreement with observational results. In grain surface models the high abundance of complex molecules is due to hydrogenation and nitrogenation of atoms and molecules that are deposited onto the dust mantles as the molecular clouds undergo gravitational collapse. As star formation commences, radiation from the embedded protostar evaporates the molecules from the dust mantles. Accordingly, star formation determines the overall chemical reactions and evolution of the parent molecular clouds.
Through an understanding of these chemical properties we can trace the evolutionary phase of molecular clouds by comparing chemical models to observation. Star-forming clouds for which chemical models have been developed include Orion-KL (Charnley et al. 1995) and G34.3+0.15 (Millar, Macdonald, & Gibb 1997) . The models are reasonably successful, but they require the inclusion of more complicated reaction routes, detailed calculations of collision rates, and improvements to their time-dependent behaviour to provide a more precise explanation for the observational data. Molecules such as CH 3 CN, CH 3 OH, and NH 3 , believed to probe the hot cores, have been widely used to delineate their chemical properties. However, they are not enough to derive the overall state of star-forming molecular clouds, which comprise a range of temperatures and densities from cold gas to hot cores. Changes occurring within the hot core then influence the chemistry within the ambient molecular cloud, through both the radiation field and outflows that are generated. Hence, a study of both the cold gas and hot core region of clouds is required to provide a more comprehensive understanding of the effects of star formation on and in molecular clouds.
Molecular line surveys satisfy these requirements. Their wide frequency range includes emission from many species and their transitions have a wide range of excitation energy. Comparison of detected molecules and their transitions between sources allows us to examine the variation in chemical properties from source to source. If many transitions from a molecule are detected, it is possible to estimate excitation temperatures and molecular abundances by means of the rotation diagram method (e.g., see Macdonald et al. 1996) . While extensive observations have been carried out on the sources Orion-KL (e.g., Johansson et al. 1984; Jewell et al. 1989; Turner 1989; Blake et al. 1986 Blake et al. , 1996 Ziurys & McGonagle 1993; Schilke et al. 1997) and Sgr B2 (e.g., Cumins, Linke, & Thaddeus 1986; Turner 1989; Sutton et al. 1991) , a wider range of sources is needed in order to investigate the chemical evolution underway. Therefore, we undertook a molecular line survey of the young stellar source IRAS 17470-2853 to examine its physical and chemical properties. We have compared these to the ultracompact HII region G34.3+0.15, because G34.3+0.15 seems to be more alike in evolutionary stage and physical properties than Orion-KL or Sgr B2 are. Walsh et al. (1997 Walsh et al. ( , 1998 ) undertook a survey of ultracompact HII regions for emission from the 6.669 GHz methanol maser, to examine the association between these two signposts of star formation. Among their sources IRAS 17470-2853 (also known as G0.55-0.85) was included. Its distance is inferred to be 2 kpc and the radial velocity range of the methanol masers is +8 to +19 km s −1 . Also measured from this source is radio and sub-mm continuum emission, OH and water maser emission (see Walsh et al. 1998 Walsh et al. , 1998 Walsh et al. , 2002 Forster & Caswell 1999) . The OH masers have similar velocity range to the methanol masers (+8 to +20 km s −1 ), but the water masers are spread over a larger velocity range, from −13 to +57 km s −1 . The radio and sub-mm continuum emission consists of a bright core, embedded in diffuse emission extending mostly NW-SE of it. The methanol and OH maser sites also are coincident with the continuum core, and the OH maser sites appear to extend somewhat in a direction NW-SE. The water maser sites are located ∼2 NW of the OH and CH 3 OH masers. The source also appears in the MSX 1 survey at mid-infrared wavelengths, as one of six sources embedded in diffuse emission over a 30 region. It is also visible as a faint red source in the 2MASS near-infrared survey, with a [1.65 µm] -[2.2 µm] colour of 2.4 magnitudes. The bolometric luminosity of the source has been estimated as ∼1.3 × 10 4 L (Walsh et al. 2002) , the equivalent of a B0.5 main sequence star. For reference, the fluxes from near-infrared to radio wavelengths are tabulated in Table 1 . To aid identification of the features, Figure 1 , adapted from Walsh et al. (2002) , shows the sub-mm continuum emission, and the positions of the methanol masers, radio continuum emission, and sources from the MSX point source catalogue.
From their survey Walsh et al. (1998) concluded that methanol maser emission arises before the onset of ultracompact HII region formation, and disappears sometime after its expansion towards an HII region. The detection of methanol maser emission with relatively weak radio continuum from IRAS 17470-2853 suggests that it is probably less evolved than G34.3+0.15.Accordingly, our investigation with the Mopra telescope sought to examine whether the chemical state of the source supported this supposition that it is in an earlier evolutionary stage.
Observations
Observations of IRAS 17470-2853 in the frequency range 86.1-92.1 GHz were made using the Mopra 22 m radio With some considerable tuning and pointing overheads, we obtained 3-4 spectra of 256 MHz bandwidth during each 6 h observing session. Flux calibration was done with standard chopper wheel method (Ulich & Haas 1976) , giving the intensity on the antenna temperature scale, T * A .
Spectral Reduction and Line Identification
Reduction of the spectral scans was undertaken with the AIPS++ DISH tool (Garwood & McMullin 1999) , together with custom-written auxiliary programs. In averaging spectra from individual scans, those with poor baselines were first discarded, a 3rd order polynomial fit to the continuum and the baseline then subtracted off. The typical RMS noise achieved per spectrum was 0.05 K, about a factor 2 worse than theoretically possible if no bad scans were thrown out. The signal at the edge of the bandpass was usually poor and so discarded, leading to some small gaps in spectral coverage. The spectra from each resulting ∼200 MHz band were then combined with neighbouring bands, so each panel presented in Figure 2 covers about 800 MHz. For line identification, we used the Lovas catalogue (Lovas 1992) exclusively, because the frequency 86-92 GHz has been fully covered in other line surveys. Central frequencies for each line stronger than 3σ were determined through Gaussian fitting, after correcting for the Doppler shift of +14 km s −1 . A total of 21 lines, including blended lines, from 9 species were detected (see Table 2 ). All the lines have also been detected in G34.3+0.15 (Kim et al. 2000) . There are also some notable differences, however, from G34.3+0.15, as discussed in Section 4. As anticipated, the spectrum is somewhat different from that of Orion-KL (Turner 1989) , reflecting the different chemical state of the sources.
Individual Molecules
In Figure 3 we compare the measured values of T * A , FWHM, and intensity ( T * A dv) for IRAS 17470-2853 with those for G34.3+0.15 obtained with the 14 m Taeduk Radio Astronomy Observatory (TRAO) telescope. This figure demonstrates graphically the difference in physical parameters derived for molecules in the two sources, although the different beam sizes render the Mopra results more sensitive to compact (i.e. unresolved) emission. In general the intensities, T * A , are similar, except for HCN which is four times brighter in IRAS 17470-2853. The typical line width in IRAS 17470-2853, ∼5 km s −1 , is somewhat narrower than G34.3+0.15. The SiO (v = 0, J = 2-1) line has a broader line width (9.1 km s −1 ), although it is also slightly narrower than in G34.3+0.15 (where it is 10.0 km s −1 wide). 
HCN
When optically thin, the ratio of the F = 1-1, 2-1 and 0-1 hyperfine transitions of HCN is 3:5:1, i.e. the ratio of the level degeneracies. While the 2-1 and 0-1 lines are blended in our data, the observed ratio in IRAS 17470-2853 is clearly ∼3:5:3 rather than 3:5:1. These ratios are very different, however, to those measured in G34.3+0.15 (which are ∼6:5:2; see Figure 4 ), which we attribute to optical depth effects in the 2-1 and 1-1 lines in that source. For instance, Cernicharo et al. (1984) suggest that such anomalous ratios can arise due to the scattering of these two lines by a diffuse envelope surrounding an optically thick hotter core, while leaving the optically thin 0-1 line unattenuated.
HNC
The isomers HCN and HNC have a similar energy level structure and almost identical dipole moments: µ = 2.98 debyes for HCN and 3.05 for HNC. They also have the same pre-cursor molecules, HCNH + and H 2 CN + (Brown, Burden, & Cuno 1989) . Therefore one expects a similar abundance ratio for the two isomers. However, the ratio T * A (HNC)/T * A (HCN) is very different between the sources: 0.8 in IRAS 17470-2853 and 2.6 in G34.3+0.15. The higher ratio in G34.3+0.15 might arise from selfabsorption in the HCN line, as discussed above. However, if self-absorption is not significant for the HCN line, then the difference in HNC/HCN ratios may mark a physical difference between the environment in the two sources (e.g., see Schilke et al. 1992) , with a greater abundance of HNC in IRAS 17470-2853. If so, then measurement of this line ratio provides a tool to study the change of physical state in evolving hot molecular cores.
It would, however, be unusual to have a greater abundance of HNC than HCN. For instance, in a study of molecular abundances in 13 molecular clouds Wootten et al. (1978) found that in most sources the abundance ratio of HNC/HCN is less than 1. Baudry et al. (1980) also found in a study towards 9 molecular clouds that HNC is not more abundant than HCN. Goldsmith et al. (1981) similarly found HCN to be more abundant in giant molecular clouds with active star formation, such as W51 and Orion. On the other hand, in quiescent dark clouds Irvine & Schloerb (1984) found HNC to be more abundant than HCN, as did Huttemeister et al. (1995) in the extragalactic source Arp 220, a result attributed by the latter authors to emission from a cool, quiescent disk or halo around the source. Thus, the observations of HCN and HNC empirically support IRAS 17470-2853 being warmer than the cold dark clouds.
Finally, we note that HN 13 C is not detected at 87.09 GHz (Figure 2 ), whereas it is seen in G34.3+0.15 (Kim et al. 2000) . However, this is most likely due to a gap in the spectral coverage at this frequency.
C 2 H and HC 3 N
The ratio of abundances, X(C 2 H)/X(HC 3 N), indirectly tests the chemical formation path, as C 2 H and HC 3 N are both thought to involve the same precursor, C 2 H 2 (Wootten et al. 1980) . These authors found the typical ratio to be in the range of 6-10. The most straightforward pathway to the production of C 2 H is through ion-electron recombination with C 2 H 
Leung 1990; Takano et al. 1998 ). Unfortunately only lower limits for the abundances of HC 3 N and C 2 H can be derived from our data set (see Section 5.1), so the abundance ratio cannot be well constrained. However, taking these lower limits (see Table 3 ) yields a ratio of ∼19 for X(C 2 H)/X(HC 3 N).
CH 3 CN
This molecule is a symmetric top and all permitted radiative transitions are K = 0. Like other symmetric-top molecules, CH 3 CN has been widely used to probe T rot , as it has several closely spaced transitions from a wide range of energy levels that can be observed simultaneously, with collisions only responsible for populating the levels along the K-ladder. Hence, uncertainties arising from calibration errors and antenna gain can be reduced (Loren & Mundy 1984) . This molecule forms efficiently by the following reaction route (Millar et al. 1991; Mauersberger et al. 1991) :
Since HCN is detected, the possibility of CH 3 CN synthesis by the above reaction route may be high. Two transitions from CH 3 CN, J = 5-4, K = 2 and K = 1 (the latter blended with the K = 0 line), are detected. However, the CH 3 CN J = 5-4, K = 4 and K = 3 lines were not seen in IRAS 17470-2853, whereas they were detected in G34.3+0.15. While this is out of expectation based on the relative line ratios in G34.3+0.16 (Kim et al. 2000) , the J = 5-4, K = 2 measurement is close to the detection limit. The missing lines might simply be lost due to poor signal to noise. 2
SiO
A line from the molecule SiO was also detected in IRAS 17470-2853. As with G34.3+0.15, the SiO line width is significantly broader than the other lines detected (9 km s −1 compared to 4 km s −1 ). This likely reflects a different origin for the SiO line. Rather than being evaporated off grains in the hot core it is most likely shock-excited, suggesting a mild shock is associated with an embedded source.
Lines Not Seen
For completeness, we finish this section listing some molecules which were not detected in IRAS 17470-2853, but which might have been expected based on comparison with the hot core in Orion-KL or with Sgr B2 (e.g. Turner 1989 ). However, we also note that none of these molecules was seen in the 86-92 GHz spectral range in G34.3+0.15, either.
No lines from methanol (CH 3 OH) or sulphur dioxide (SO 2 ) were seen, for instance the usually bright lines emitted by methanol at 86.904 and 88.597 GHz and by sulphur dioxide at 86.641 and 91.550 GHz. The HNCO 4((0, 4) − 3(0, 3)) line at 87.925 GHz is particularly strong in Orion-KL and Sgr B2, but is absent in IRAS 17470-2853.
Column Densities
When deriving the excitation temperature and column density of a molecule it is preferable to use several transitions arising from a wide range of energy levels. Fitting for the excitation temperature not only reduces errors from using single lines, but also helps to separate the hot core from cooler components in the molecular cloud. The method applied is rotation diagram analysis (see Blake et al. 1987; Macdonald et al. 1996; Kim et al. 2000) . This assumes the lines are optically thin and the source is in LTE with a temperature much higher than that of the cosmic background radiation temperature (T bg = 2.7 K). When this is so, the equation of radiative transfer can be simplified so that the rotation temperature and total column density can be derived, as follows:
where ν is the transition frequency, µ the permanent electric dipole moment, k the Boltzmann constant, g I and g K are degeneracies, E u is the upper state energy, S is the line strength, Q(T rot ) is the partition function for rotational excitation temperature T rot , and N T is the total column density. T * R dv is the integrated line intensity. The reduced nuclear spin weight, g I , and K-level degeneracy, g K , of linear molecules are both 1. For CH 3 CN, however, g K = 1 for K = 0 and g K = 2 for K = 0, and g I = 1/2 for K = 3n and g I = 1/4 for K = 3n (n integer) (Turner 1991) .
If several lines are observed it is possible to fit a straight line to a plot of ln N u /g u = ln N T /Q exp(−E u /kT) against E u /k, where N u is the upper state column density, to yield the temperature from the slope and the column density from the intercept. However, with our limited spectral coverage, only a single unblended transition of each molecule has been observed (the 91.9853 and 91.9871 GHz lines of CH 3 CN are blended), except for hyperfine transitions of C 2 H, HCN and HNC. Since these hyperfine lines cover only a small range of upper state energy levels, we considered them as a single line. It is still possible, though, to derive lower limit values from a single line by assuming that the rotation temperature of linear molecules is T rot = E u /k, and for symmetric or slightly asymmetric tops is T rot = 2/3E u /k (see Macdonald et al. 1996) . Then, from equation (1), a lower limit to the column density of linear molecules is given by
and for symmetric or slightly asymmetric top molecules by
In the high temperature limit (hB kT ) diatomic and linear molecules have a partition function
where σ = 1 for HCN, HNC, HCO + , and SiO, and σ = 3 for HC 3 N to account for the hyperfine splitting (Blake et al. 1987) . The partition function for the symmetric molecule CH 3 CN has the form
in the high temperature limit (hA kT , hB kT ), with σ = 3 to account for hyperfine splitting (Blake et al. 1987) .
HC 3 N, CH 3 CN, HNC, C 2 H, and SiO Lower Limits
Calculating T * R dv as T * A dv/η fss , we then derive N T > 3.0 × 10 13 cm −2 for the linear molecule HC 3 N, and N T > 7.7 × 10 13 cm −2 for the symmetric molecule CH 3 CN. For HNC, C 2 H, and SiO lower limits of N T > 2.7 × 10 13 cm −2 , N T > 5.7 × 10 14 cm −2 , and N T > 1.6 × 10 12 cm −2 are derived, respectively. These limits are listed in Table 3 .
We can compare the limits for HC 3 N and CH 3 CN with column densities obtained in other surveys. An analysis of data from the NRAO 12 m telescope for Sgr B2 and Orion-KL (Turner 1991) obtained N T = 3.1 × 10 14 cm −2 for HC 3 N and N T = 1.0 × 10 14 cm −2 for CH 3 CN in Sgr B2, and N T = 4.6 × 10 13 cm −2 for HC 3 N and N T = 5.6 × 10 13 cm −2 for CH 3 CN in Orion-KL. In G34.3+0.15, Kim et al. (2000) obtained N T = 1.1 × 10 14 cm −2 for HC 3 N and N T = 1.7 × 10 14 for CH 3 CN. Olmi, Cesaroni, & Walmsley (1993) observed CH 3 CN towards 11 ultracompact HII regions, finding column densities in the range 2-12 × 10 13 cm −2 and rotational temperatures from 8 to 23 K, applying the rotational temperature method.
HCN and HCO +
For HCN and HCO + the isotopes H 13 CN and H 13 CO + have also been observed. Assuming the isotopes are optically thin, the main lines are optically thick, and that the levels are in LTE, we can determine the column density, optical depth, and excitation temperature for these molecules as follows:
The equation of radiative transfer is
with
where T 0 = hν/k. For an optically thick line (τ 1)
On the other hand, if the excitation temperature, T ex , is known, then the optical depth is given by
The optical depth, τ, is related to the column density and excitation temperature by
From equation (10) we can also relate the optical depth of the main line and the isotope by
where X is the abundance ratio of the main species to its isotope. From equation (6), the ratio of the measured intensities, R, is given by
which lets us calculate τ main . Finally, applying equation (11), and assuming the isotope is optically thin, we obtain
Thus, if we assume the main line is optically thick we can derive T ex from the measured T * R (equation (8)). By assuming the isotope has the same excitation temperature as the main line we derive τ isotope (equation (9)). Equation (10) then determines the column density of the isotope, equation (12) the optical depth of the main line, and equation (11) its column density.
For HCN we obtain T ex ∼ 8 K and for H 13 CN τ ∼ 0.1 and N T ∼ 7.4×10 12 cm −2 . This then determines for HCN that τ ∼ 3.4 and N T ∼ 2.4 × 10 14 cm −2 .
For HCO + we obtain T ex ∼ 5 K and for H 13 CO + τ ∼ 0.4 and N T ∼ 5.8 × 10 12 cm −2 . This then determines for HCO + that τ ∼ 2.2 and N T ∼ 3.5 × 10 13 cm −2 . These results are summarised in Table 3 .
Summary
We report the results of the first molecular line survey carried out with the Mopra telescope, towards the massive young stellar source IRAS 17470-2853. Twenty-one molecular transitions from 9 species were detected. We have compared the results to a similar survey for the ultracompact HII region G34.3+0.15.
On the whole, the chemical compositions of IRAS 17470-2853 and G34.3+0.15 are similar. However there are some differences, as might be expected if the sources are at different evolutionary stages. We have found that IRAS 17470-2853 has narrower line widths and weaker antenna temperatures. Self-absorption is not seen in HCO + and the ratio of HNC/HCN is significantly lower. There is also a minor difference in the number of lines of CH 3 CN that are detected.
The relatively large line width of SiO (v = 0, J = 2-1) compared to other molecules seen suggests that shock chemistry is occurring, possibly as a result of winds originating from an embedded source.
The isotopic molecules H 13 CN and H 13 CO + are seen, as are C 2 H and HC 3 N. These molecules are seen in G34.3+0.15 too. However, as in G34.3+0.15, but unlike in the Orion hot core, lines from the molecules CH 3 OH, SO 2 and HNCO are not seen from 86-92 GHz.
The richness of the spectrum in the relatively small bandpass surveyed suggests that IRAS 17470-2853 will be a fruitful source for further observation, like G34.3+0.15. More comprehensive line surveys of a variety of hot molecular cores, to compare and contrast the molecular lines present and their physical characteristics, will provide a tool to study the chemistry of star forming clouds, and the evolutionary stages which they go through as a star is formed. Our data suggest that IRAS 14070-2853 is in a slightly earlier evolutionary stage than G34.3+0.15.
